Abstract: A series of novel disulfonamide derivatives were synthesized and characterized by FT-IR, 1 H NMR and MS techniques. In order to prepare new disulfonamides, at first we synthesized new diamines containing a pyridine ring. Then, they have been reacted with sulfonyl chlorides to give corresponding disulfonamides.
Introduction
Sulfonamides are a very important class of compounds in the pharmaceutical industry, being widely used as anticancer, anti-inflammatory and antiviral agents [1] . Over 30 drugs containing this functionality are in clinical use, including, antibacterials, diuretics, anticonvulsants, hypoglycemics and HIV protease inhibitors [2] . More recently, sulfonamides have been found to be potent cysteine protease inhibitors, which could possibly extend their therapeutic applications to include conditions such as Alzheimer's disease, arthritis and cancer [3] . As a class; the sulfa drugs have a veritable history of application for the treatment of bacterial infection [4] . Sulfonamides are among the most widely used antibacterial agents in the world, chiefly Because of their low cost, low toxicity and excellent activity against common bacterial diseases [5] .
Arylsulfonyl substituents have been used as protecting groups for oxygen and nitrogen functionalities [6] . Sulfonamide derivatives of azo dyes achieve improved light stability, water solubility, and fixation to fiber [7] . Typically, sulfonamides were prepared by the reaction of a sulfonyl chloride with ammonia or primary or secondary amines [8] . Caddick and co-workers reported a suitable preparation of sulfonamides by intermolecular radical addition to pentafluorophenyl vinylsulfonate and successive aminolysis [9] . Katritzky and co-workers proposed a general and efficient synthesis of sulfonamides by the reaction between sulfonylbenzotriazoles (produced from sulfinic acid salts with N-chlorobenzotriazole) and various amines [10] . Recently the synthesis of heteroaryl sulfonamides via oxidation of thiols to sulfonyl chlorides or sulfonyl fluorides has been reported that were then reacted with amines to give the corresponding sulfonamides [11] . The logical way to sulfonamides could be the direct synthesis from sulfonic acid. Even if pharmaceutical compounds containing a sulfonamide group have numerous significant therapeutic applications, at present just two methodologies are reported to convert a sulfonic acid directly to a sulfonamide. The first method permits the synthesis of sulfonamides from the sulfonic acid pyridine or triethylamine salts by the use of the activating agent triphenylphosphine ditriflate [12] . The second procedure considers the reaction of a sulfonic acid with isocyanides at room temperature [13] . 
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Pyridine with a 2,4,6-triaryl substitution pattern (Kröhnke pyridine) [14] have been synthesized using various methods and procedures. Traditionally, these compounds have been synthesized through the reaction of N-phenacylpyridinium salts with α,β-unsaturated ketones in the presence of NH 4 OAc [14, 15] . However, the pyridinium salts and the unsaturated ketones have to be synthesized first, so this method is relatively expensive. More recently, several new improved methods and procedures have been developed for the synthesis of these pyridines: reaction of α-ketoketene dithioacetals with methyl ketones in the presence of NH 4 OAc [16], reaction of N-phosphinylethanimines with aldehydes [17] , addition of lithiated β-enaminophosphonates to chalcones [18] , solvent-free reaction between acetophenones, benzaldehydes, and NH 4 OAc in the presence of sodium hydroxide [19] , and the one-pot reaction of acetophenones, benzaldehydes, and NH 4 OAc without catalyst under microwave irradiation [20] .
In this paper we report synthesis and structural elucidation of new disulfonamides 5a-f in three steps (Scheme 1). 
Experimental Section
All yields refer to isolated products. Melting points were recorded on an electrothermal Stuart SMP3. The IR spectrometer used was Bruker Tensor 27. The IR spectra were taken using KBr pellets. The 1 H NMR (100 MHz) spectra were recorded on a Bruker AC 100 spectrometer. The mass spectra were scanned on a 5973 Network Mass Selective Detector, Agilent Technology (HP).
Typical procedure for the preparation of compounds 3a-c and 4a-c
4-phenyl-2,6-bis(4-nitrophenyl) pyridine 3a
This compound was synthesized according to the following procedure [21] . In a round-bottomed flask (250 mL) equipped with a reflux condenser, a mixture of benzaldehyde (6.4 g, 0.06 mol), p-nitroacetophenone (20 g, 0.12 mol), ammonium acetate (60 g), and glacial acetic acid (150 ml) was refluxed for 2 h. Upon cooling, crystals separated, which were filtered and washed first with acetic acid (50%) and then with cold ethanol. These dark yellow crystals were recrystallized from absolute ethanol, and then dried at 60 ºC under vacuum. The product was 4-phenyl-2,6-bis(4-nitrophenyl) pyridine 3a. The other dinitropyridines 3b, 3c were synthesized in the same procedure.
4-Phenyl-2, 6-bis (4-aminrophenyl) pyridine 4a
In a two-necked round-bottomed flask (1000 ml) equipped with a reflux condenser and a dropping funnel, a suspension of 4-phenyl-2,6-bis(4-nitrophenyl) pyridine 3a (13.75 g, 0.033 mol), palladium on carbon 5% (1.4 g), and ethanol (500 mL) was prepared. The mixture was warmed, and while being stirred magnetically, hydrazine hydrate 85% (35 ml) in ethanol (50 ml) was added dropwise over a 1.5 h period through the dropping funnel while maintaining the temperature at about 50 ºC. The reaction mixture was then refluxed for 2 h and filtered while hot. On cooling, the filtrate gave white-cream colored crystals of the title diamine compound, which were recrystallized from ethanol and vacuum dried. The other diaminopyridines 4b, 4c were synthesized in the same procedure.
Typical procedure for the preparation of disulfonamides 5a-f
The nucleophilic substitution reaction of the diamines 4a-c with 4-methylbenzene-1-sulfonyl chloride or 4-chlorobenzene-1-sulfonyl chloride was carried out as follows: to the THF solution of diamines (1 mmol) and triethyl amine (2 mmol) was added by slowly dropwise THF solution of arylsulfonyl chloride (2.2 mmol) while the temperature maintain between 0 and -5 ˚C. Then, the reaction mixture was stirred at room temperature. The progress of the reaction was monitored by TLC (eluent: n-hexane / EtOAc: 3/2). After the completion of the reaction, solvent was evaporated in vaccum. At least the solid residue was recrystallized from ethanol.
Results and Discussion
The structures of the products were deduced from their spectral data. For example, the 1 HNMR spectrum of 5c in d 6 -DMSO shows a singlet at δ= 2.31 (6H, 2-CH 3 ), a singlet at δ= 3.82 (3H, -OCH 3 ), a multiplet at δ= 7.1-8.1 (22H, ArH), and a singlet at δ= 10.3-10.5 (2H, 2NH, D 2 O-exchangeable) ppm. Mass spectrum showed the expected molecular ion peak and fragmentation pattern is according with the proposed structure.
The IR spectra of 5a-f show three bands at 3034-3089 cm -1 , 1340 cm -1 and 1160 cm -1 indicative of NH and SO 2 groups.
In conclusion, we have synthesized new disulfonamides 5a-f containing pyridine ring without using any catalyst. The reaction was carried out under easy conditions and is high yielding and product isolation is very straightforward. Several derivatives of the title compounds with different substituents were synthesized to show the diversity of the method. 
4-methyl-N 1 -{4-[6-(4-{[(4-methylphenyl)sulfonyl]amino}phenyl-4-(4-methylphenyl)-2-pyridyl]phenyl}-1-benzenesulfonamide 5b
Orange powder, Yield: 86%, mp 208-210 ºC; 1 H NMR (100 MHz, d 6 
4-methyl-N 1 -{4-[6-(4-{[(4-methylphenyl)sulfonyl]amino}phenyl-4-(4-methoxyphenyl)-2-pyridyl]phenyl}-1-benzenesulfonamide 5c
Yellow powder, Yield: 90%, mp 245-248 ºC; 1 H NMR (100 MHz, d 6 
4-chloro-N 1 -{4-[6-(4-{[(4-chlorophenyl) sulfonyl]amino}phenyl-4-phenyl-2-pyridyl] phenyl}-1-benzenesulfonamide 5d
Red powder, Yield: 85%, mp 236 ºC; 1 H NMR (100 MHz, d 6 
4-chloro-N 1 -{4-[6-(4-{[(4-chlorophenyl)sulfonyl]amino}phenyl-4-(4-methylphenyl)-2-
